Obesity is associated with an increased risk of diseases, especially central obesity. Central obesity is a risk factor of glucose intolerance. Glucose intolerance is the beginning of diabetes mellitus. Many factors influence glucose intolerance. The aim of this study was to investigate the relationship between cortisol levels and some other factors related glucose intolerance. This study was a cross-sectional study from 12 high schools in Makassar. The analysis for this study was performed with 54 teachers. Characteristic samples, anthropometry, fasting blood glucose (FBG), cortisol were measured for all samples. Blood plasma glucose was measured from venous blood samples. Respondents were mostly female (85.2%), married (87%), bachelor's degree (79,6%) and Buginesse (66.7%). The average age of respondents was 49.37 years. The results showed a significant relationship formula: between high cortisol levels in respondents who experienced glucose intolerance (p=0.043). Stress variables did not show a significant relationship, but the average score was higher in those who experienced glucose intolerance than those who had normal glucose. The frequency of consumption of carbohydrates, fats, proteins, and Body mass index (BMI) did not show a significant relationship with glucose intolerance. Cortisol levels are associated with glucose intolerance in adults with central obesity.
Introduction
Obesity has become a major global health challenge problem. Not only because because of risks to health caused, but also because no country has successfully overcome it nationally [1] . Also, obesity, especially central obesity, often occurs in adults [2] . Central obesity is a risk factor for increased blood sugar levels including glucose intolerance.
Glucose intolerance which is also commonly known as prediabetes can be an early diagnosis of diabetes mellitus [3] . Furthermore, glucose intolerance is one of the parameters of metabolic syndrome [4] which is a risk factor for diabetes mellitus [5] . People with high blood glucose but not yet diagnosed with diabetes are still at risk for diabetes complications. Good management needs to be done to prevent this complication [3] . One of them is to recognize the various risk factors associated with glucose intolerance.
Glucose intolerance is related to several risk factors. A research in Pakistan shows women have a 2fold risk of experiencing glucose intolerance than men. In this study, age and hypertension are also risk factors for glucose intolerance [6] . Other risk factors were percentage body fat, BMI, higher social economy [7] , and dietary pattern [8, 9] .
Cortisol is a hormone released during stress and associated with gluconeogenesis [10] . Increased cortisol hormone in people who have diabetes mellitus has been widely studied [11,12,] but in people who have glucose intolerance, this study is still lacking. This study aims to look at the relationship between cortisol levels and several other risk factors associated with glucose intolerance in the adult group with central obesity. Methods This cross-sectional study was conducted on a group of teachers in Makassar City. This study involved 12 selected schools and was part of a cohort study, educating teachers as an effort to prevent metabolic syndrome. Schools were selected based on the highest number of teachers from the data from the provincial education office South Sulawesi in 2015. In the baseline data collection, there were 200 respondents who had taken their blood to examine the parameters of the metabolic syndrome. All teachers who were not diagnosed with diabetes mellitus, heart disease, stroke; not pregnant; and not retiring in March 2019 could become a respondent in this cohort study.
For further research, we selected 86 samples representing 12 schools randomly. The number of samples that can be analyzed for this study was 54 people (8 men and 44 women). We merely analyzed respondents whose having central obese and FBG < 126 mg/dl. Demographic characteristics (age and sex), stress levels were measured using a questionnaire through interviews with respondents. Interview and measurement of anthropometry (weight, height, waist circumference/WC) were carried out by trained personnel taken from undergraduate nutrition students public health faculty of Hasanuddin University.
Height measurements were carried out where respondents had removed footwear and hats using microtoice; weight measurement is done where the respondent has issued all the burdensome objects from his pocket, including the shoes, the measurements are made using Camry scales; Abdominal circumference is measured using a measuring tape.
Glucose intolerance was identified using standards of medical care in diabetes by American Diabetes Association (100-125 mg/dl)3 using FBG from previous study data. Blood collection is carried out by trained staff laboratory.
Cortisol was measured using the enzyme immunoassay test method. This method has been used in the previous studies [13] . Reagents used in the Diagnostic Biochem Canada Inc brand, where cortisol uses reagents with Ref can-C-270 and examinations were carried out at the Laboratory of Hasanuddin University Hospital.
The frequency of carbohydrate consumption, protein consumption, and fat consumption was measured using a food frequency questionnaire (FFQ). The questionnaire was validated in another school, and only one food item was released because less than 10% of respondents consumed it. The interview was conducted by trained personnel taken from undergraduate nutrition students public health faculty of Hasanuddin University.
Results
Based on the characteristics of the sample, female respondents more than men respondents (85.2% vs 14.8%). The average age of the sample is 49.37 years. Most respondents were married, but some were divorced (87% vs 13%). Most respondents have a bachelor degree on education level (79.6) and come from the Buginesse (66.7%) Table 1 .
Cortisol levels in the blood showed a significant relationship with glucose intolerance, where respondents who experienced glucose intolerance had higher cortisol than those with normal glucose levels (10.4 ±5.9 vs 6.6 ± 2.1; p-value = 0.043). The average stress level score for respondents who experienced glucose intolerance was also higher than those who had normal glucose levels (33.1 ±15.0 vs 28.3 ± 5.4) but it did not show a significant relationship, BMI variables, frequency of carbohydrate consumption, frequency of protein consumption, and frequency of carbohydrate consumption did not show a significant relationship with glucose levels. Table 2 . 
Discussion
This study shows that there is a relationship between cortisol levels in the blood and glucose intolerance. Cortisol levels increase with increasing blood glucose levels. This study is similar to previous studies which showed that there was an increase in cortisol levels in the blood in respondents who experienced glucose intolerance [14] . Cortisol is released in stressful conditions which result in decreased insulin sensitivity. As a result, the level of glucose in the blood increases. Previous research has shown that cortisol increase is one of the factors causing diabetes mellitus15. A meta-analysis by Chen et al show prevalence of depression was moderately increased in prediabetes compared normal glucose (1.11, 95% confidence interval (CI) 1.03-1.19) [16] .
The Cennai Urban Rural Epidemiology study (The Cures) conducted in India show a result that depression is associated with glucose intolerance and the prevalence of depression which is higher in respondents who have diabetes mellitus [17] . The results of this study also showed the same, where the stress score in the group that experienced glucose intolerance was higher than those who had normal glucose. However, it did not show a significant relationship. Differences in stress levels in the workplace can be the cause of no association between stress scores and metabolic syndrome parameters, including glucose intolerance [18] .
There is no relationship between BMI and glucose intolerance. The samples we analyzed were only those with central obesity. Whereas central obesity with BMI correlates with each other. So that the sample has an average BMI that is not much varied between groups that experience glucose intolerance with normal glucose. Glucose this can be seen in Table 2 . This differs from previous studies that show more intolerance glucose in respondents who experienced central obesity [19] .
In this study, we do not found a relationship between the frequency of carbohydrate, protein, and fat consumption. This result is different from another study in Canada, glucose intolerance was related to high consumption protein in Canadian Inuit Population study [20] . Our data just used FFQ from the previous study, so it cannot show the amount of energy consumed by each nutrient. It only shows the frequency of the food consumed every day.
This study has some limitations. First the cross sectional study design, which makes the inference of causality difficult. Second, we used the data of FBG only, while the determination of glucose intolerance also requires the measurement of blood sugar levels 2 hours after meals [3] , This allows the bias in determining respondents who experience glucose intolerance.
Conclusion and Suggestion
In conclusions, our study shows that levels are associated with glucose intolerance in the adult with obese central. Respondents who have high glucose levels also have high cortisol levels. These associations may be modified by stress level in the workplace. This study was only conducted in the adult group with small sample size. Research needs to be done with larger sample size and a better research design, so that it can strengthen the results of this study.
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